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INVESTIGATION OF DIESEL ENGINE`S WORKING PROCESS ON LIGHT FUEL
J.O. Khakimov, M.G. Shatrov, J.P. Turdiev
Abstract. The article considers the investigation results of the working process of diesel on
light fuel. Consumption of natural resources in the form of hydrocarbon fuels, which is steadily
increasing in transport, the number of rolling stock, and combustion products of motor fuels
cause environmental pollution. It is shown that the transition to cheaper alternative types of fuel,
by its characteristics, not inferior to liquid motor fuels, is one of the options to reduce operating
costs and harmful emissions. The scheme of classification of gas systems of fuel transfer is
presented: by design of the system of filling and storage of gas; by quantity of the substituted
basic fuel in the system of fuel supply; by method of dosing of fuel; by name and place of sending
of a control signal; by design of the unit of decrease in pressure of gas; by design and a site of
heating devices of a gas stream of a high pressure; by a method of ignition of a gas-air mix; by a
method of change of indicators of working process; by an aggregate condition of used According
to the results of theoretical and operational research of the gas engine based on a supercharged
diesel engine: the necessity of using a gas injector power supply system has been established; the
power and torque of the gas engine created on the basis of a supercharged diesel engine
practically do not differ from that of the diesel engine, which is explained by a relatively high
degree of compression for engines with spark ignition (ε=2); it has been shown that in the long
term it is possible to use gas supply systems under pressure directly into the engine cylinder. As
a result, the most affordable commercial alternative fuel for road transport in Uzbekistan turned
out to be natural gas.
Key words: work process, light fueled diesel, natural resources in the form of hydrocarbon
fuels, growth in the number of rolling stock, environmental pollution.
Uzbekistan's Republic maintains a large fleet of vehicles that do not meet the toxicity
standards required. The use of gas fuels is one of the ways that this problem can be solved
without significant engine design changes.
Among alternative fuels, natural gas is the most promising for the near future, the motor
properties of which allow it to be used for engines with almost no modification of basic models.
In addition, the unit's capacity can be maintained, its efficiency increased, and the content of
exhaust gas toxic components decreased [1, 12].
Natural gas can be powered by gasoline and diesel engines, as well as other types of
engines. Designed gas changes based on standard engines make it easy to convert the engine
with minimal design changes from one type of fuel to another.
A gas engine's basic operating principles are well understood, but the development of
each new model starts almost from scratch, as the current guidelines are based solely on the
formation and service experience of specific engines. Thus, there are no sufficiently clear
recommendations for a rational way of regulating the gas engine working process. Available
experimental processes of mixing and combustion, and their interpretation are quite
contradictory. For the purpose of scientific substantiation of gas engine design and forecasting of
their operational, economic and environmental characteristics it is necessary to study in depth the
peculiarities of the gas working process, which will allow developing mathematical models of
such processes with technical measures and obtaining an experimental assessment of their
effectiveness.
Main objectives of the investigation:
• Review and analyze the conversion of diesel engines with natural gas injection;

•

To develop a method of conducting comparative experimental studies of diesel
engines with supercharging and gas engines based on it;
• To make theoretical researches of influence of constructive and regime factors of
gas-feeding equipment on characteristics of the engine;
• To carry out the joint analysis of theoretical and experimental data and to develop
recommendations of works on transition of diesel engines with supercharging on a
food by natural gas.
The object of research is the ISUZU 4HG1 engine of the ISUZU NQR-71 truck.
Theoretical research is carried out using the mathematical apparatus of the computerbased regression analysis and operational tests are carried out.
The scientific background has been developed for the use of natural gas in supercharged
diesel engines.
The practical value of the work involves the design of a methodological approach to the
use of compressed natural gas in supercharged diesel engines on the ISUZU 4HG1 diesel engine
as an example.
The scope of the work includes identifying and studying matters related to the conversion
of an ISUZU NQR-71 truck on compressed natural gas power supply, conducting theoretical and
experimental research on the selected topic. In-depth analysis of literary and electronic
information sources, and documents containing the results of previous work on this topic [2, 5,
14]. Carrying out theoretical research and operational tests of trucks with diesel and gas fuel
supply systems. The generalized analysis of the results of theoretical and experimental research
is carried out.
Analysis of the modern condition of gas engine fuel supply systems.
The main difference between a gas engine and a diesel prototype is the complete
replacement of one power system with another. If a truck is converted from diesel to gas, the fuel
tanks and the entire diesel fuel supply system are removed. Instead, gas cylinders are installed,
the system of high and low pressure gas mains, the system of gas fuel dosing, and the ignition
system are installed. At the same time, depending on the design features of the engines, and
primarily the presence of a turbocharger, there are also different working processes in the engine.
A sufficiently high specific power density is obtained by the spark-ignition gas engine,
which works on the principle of "stoichiometric composition of the mixture". However,
compared to diesel and gas engines running on "poor blend compositions", the thermal loads on
the engine parts increase significantly, which leads to the need to revise the design and materials
of a number of base diesel parts. At the same time, the content of NOx nitrogen oxides in the
exhaust gases increases significantly, and in order to reduce them, "stoichiometric" gas engines
must be equipped with three-component exhaust gas neutralizers [ 3, 8, 13 ].
It is known that in the gas engine running on "poor mixture compositions" the level of
thermal loads on the main parts of the engine does not exceed the level of thermal loads of the
base diesel engine, and in some modes (when operating on α=1,5 ... 1,7, i.e. modes of full load),
even appear to be slightly lower [4, 20].
The gas engine was structurally constructed using a diesel model. The main design
feature is replacement of diesel injectors with spark plugs and further development of pistons
and heads to reduce the degree of compression to 12...13 units (Fig.1).

а)

b)
Fig. 1. Example of a gas engine (a) and diesel prototype (b)

In terms of complexity, the gas engine power supply network can be divided into four
generations. Similar to gasoline cars, the main sign of division can be the way of dosing and
supply of gas fuel to the engine cylinders.
Gas-diesel systems continue to develop along with the advancement of gas-vehicle
engine control systems. The experience of operation of gas-diesel vehicles in the middle of the
90s of the last century has shown the inefficiency of work and unsatisfactory environmental
characteristics, low reliability and maintainability [6, 15]. However, today there are
developments of fuel systems with direct gas supply to cylinders of engines operating in gasdiesel mode (Fig. 2).

Fig. 2. MAN and Westport gas-diesel engine project with HPDI technology
MAN and Westport's HPDI technology is a direct injection of high-pressure gas and
diesel fuel. This approach allows to achieve high replacement of diesel fuel with gas, up to 95%
(while mechanical systems reached only 40...70% replacement), the same traction and power
characteristics with a diesel prototype, the best environmental characteristics, high efficiency,
working process on the type of diesel [7, 21].
There is a need to develop a completely new gas supply system, a microprocessor-based
control system and engine management algorithms when converting a diesel engine's working
cycle to light oil.

Fuel supply systems for gas engines based on diesel engines.
The transformation of a diesel engine into a gas option is economically feasible as the
cost of production of diesel and gas-diesel is lower than the cost of a gas engine and, on the other
hand, the low cost of natural gas helps you to recover the costs in a short time.
In the above case, there may be two approaches for diesel engines:
• gas-diesel supply with replacement of up to 70...80% of diesel fuel with gaseous
fuels (reduced petroleum gas or compressed natural gas);
• conversion to gaseous fuel only
Each of the two solutions described above has its advantages and disadvantages.
However, the main advantage of the second solution is the creation of an engine running on
environmentally friendly fuel with sufficient natural resources [9, 18].
Gas supply systems are multistage direct control gearboxes whose workability is
determined by the discharge that occurs in the motor mixer.
The classification of gas fuel supply systems is presented below (Fig. 3).

Fig. 3. Classification scheme for gas fuel supply systems
Theoretical studies on the choice of parameters of the fuel supply system in the gas
engine with supercharger.
The following work has been done:
• development of design documentation (selection of the type of power supply systems
(ejector and injector); selection of the ignition system type; selection of the type of
interrupter-distributor; introduction of changes in the cylinder head; introduction of
changes in the piston; introduction of changes in the drive of the interrupter-

distributor; introduction of changes in the intake system for the installation of gas
injectors or development of gas mixing device for the ejector power supply system;
selection of types of electronic control unit (ECU) taking into account the
coordination of work with the selected basic system of ignition;
•

Thermal operation of a light fuel diesel engine was analyzed;

•

Combustion heat of the fuel is not equivalent to the calorific value of the fuel
mixture. The laws of additivity (addition) are not applicable in the calculations.

Fig. 4. Algorithm of the experiment
Testing of the gas engine with supercharger.
Throughout research practice, experimental methods are commonly used along with
computational-theoretical methods to determine the parameters of gas engine fuel apparatus [10,
11, 17]. This is explained by the fact that all theoretical research methods are based on certain
hypotheses and, therefore, are approximate and require testing (Fig. 4). In addition, the values of
some values can be obtained only by experiment. Thus, experimental research is a necessary part
of the process of creation and improvement of engine gas supply equipment.
The object of testing in this work is ISUZU NQR-71, designed for the transport of
various goods with GVW of 4 tons [16, 19].
Table 1 shows the technical data of the ISUZU NQR-71 turbocharged diesel engine and
gas engine based on it.

Table. 1.
Technical characteristics of ISUZU NQR-71
1.

Wheel configuration / driving
wheels
2. Load capacity, kg
3. Length
4. Width
5. Height
6. Wheelbase
7. The front wheel track
8. Rear wheel track
9. Chassis weight, kg
10. Permissible gross weight, kg
11. Engine brand

12. Number and arrangement of
cylinders
13. Degree of Compression
14. Working volume, cm3
15. Maximum power, kWhp. (rpm1)
16. Maximum torque, N ∙ m (min1)
17. Engine toxicity level
18. Engine lubrication system

19. Motor location
20. Steering wheel control
21. High pressure fuel pump
22. Fuel tank capacity, liter
23. Stabilizers
24. Maximum speed, km / h
25. Control fuel consumption
26. Fuel consumption monitoring
range

4x2 / rear

4x2 / rear

4000
6214
2150
2454
3815
1665
+1650
2500
8000
ISUZU NQR-71, fourstroke turbocharged
diesel engine
4 in a row

4000
6610
2150
2454
3815
1665
1650
2500
8000
ISUZU NQR-71, fourstroke gas turbocharged

19: 1
4554
89/121 (3200)

12: 1
4554
89/121 (3200)

304 (1800)

304 (1800)

Compliant
Crankcase. Combined:
under pressure from a
gear pump and spray
Front longitudinal
Power steering screw ball nut - rail sector
"ZEXEL", in-line
one hundred
Front and rear axle
stabilizers
one hundred
At a speed of 60 km / h:
18 l. per 100 km
At a speed of 60 km / h,
at least 500 km

Compliant
Crankcase. Combined:
under pressure from a
gear pump and spray
Front longitudinal
Power steering screw ball nut - rail sector
HBO ISUZU
one hundred
Front and rear axle
stabilizers
one hundred
At a speed of 60 km / h:
18 m3 per 100 km
At a speed of 60 km / h,
at least 300 km

4 in a row

Thus, as a result of theoretical and operational research of the gas engine based on a
supercharged diesel engine:
1. The necessity of using the gas injector power supply system is established.
2. The power and torque of the gas engine created on the basis of the supercharged diesel
engine practically do not differ from the diesel parameters, which is explained by a relatively
high degree of compression for engines with spark ignition (ε=2).

3. It is established that in the long term it is possible to use the systems of gas supply
under pressure directly into the engine cylinder.
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